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Summary 
Studies were made of copper, electrodeposited on to the (100) plane 
of copper from highly purified solutions of copper sulphate containing 
known concentrations of iodide ions. For low concentration electrolytes 
and at low current densities there is a decrease of distance between growth 
layers. At high current densities and concentrations of iodide ions, there is 
pitting and the surface corrodes badly. 
Introduction 
It is known that halide ions affect the growth habit of copper electro- 
deposits [1, 2]. At high polarisation these anions may be strongly adsorbed 
on the metal surface, as was shown by Kolotyrkin [3]. The adsorption of 
such anions at the metal-solution i terface is a very rapid process and will 
prevail throughout the whole process of electrodeposition. The extent of 
anion adsorption depends on the molecular polarisation and anion size [4]. 
It was reported earlier that the growth habit of copper electrodeposits 
changes when copper is deposited on to the (110) and (111) faces of a cop- 
per single crystal in the presence of various amounts of chloride and bromide 
ions [5, 6, 7]. The purpose of this work is to extend a study of the morphol- 
ogy and kinetic parameters at various current densities, when copper is de- 
posited from an acid copper sulphate bath in the presence of various amounts 
of iodide ions. 
Experimental 
The experimental procedure has been described in detail elsewhere [ 2]. 
The cathode was a (100) copper single crystal surface and the anode was a 
polycrystalline A.R. copper foil of area about 50 times larger than that of 
the cathode. The (100) plane was mechanically polished on 3/0 emery paper 
using ethyl alcohol as a lubricant and was then electropolished in 50% H3PO4 
5O 
TABLE 1 
Type of  deposi t  and overpotent ia l  at var ious current  densit ies and concent ra t ions  of  
hydr iod ic  acid on the Cu(100)  plane 
Current  Concent ra t ion  of  HI Type  of  deposi t  Overpotent ia l  
density (mol  I 1 ) (mV)  
2 Pure so lut ion  Layers 30 - 55 
10 -6  Broken layers 65 - 55 
10 .-3 Polycrystal l ine 80 - 95 
10 
15 
20 
Pure so lut ion Layers 40 - 70 
10 -6  Broken layers 110 - 75 
10 -4  Polycrystal l ine,  
with pitt ing 60 - ] 10 
Pure so lut ion  Layers and pyramids  80 - 110 
10 -6  Broken layers 160 - 160 
10 -4  Polycrystal l ine, 
with pitt ing 120 - 120 
Pure so lut ion  Layers, pyramids  and 
t runcated pyramids  130 - 180 
10 -6  Etching 200 - 180 
10 -4  Polycrystal l ine 240 - 280 
Pure so lut ion  Pyramids,  t runcated 
pyramids  and blocks 160 - 280 
10 -6  Pitt ing 290 - 300 
10 -4  Polycrystal l ine 300 
at a constant cell potential of 1.2 V in an hydrogen atmosphere [8]. The 
crystal after electropolishing was washed with 10% H3PO4 and conductivity 
water and transferred immediately to the electrolytic ell. The electrolytic 
bath was a highly purified solution of 0.25M CuSO4 and 0.1M H2SO4 [9]. 
A known amount of freshly distilled A.R. hydriodic acid was added to the 
sulphate bath and the deposition was carried out at 2, 5, 15 and 20 mA cm-2 
to a thickness corresponding to 10 C cm-2. The overpotential was measured 
with reference to a freshly prepared copper electrode, using a vacuum 
tube voltmeter to an accuracy of + 5 mV. The surface appearances of the 
deposits were examined under a metallurgical microscope. 
Results 
Observations are summarised in Table 1. 
At  2 mAcm -2 
A characteristic layer type of deposit was obtained when copper was 
deposited on the (100) face from a very pure solution at 2 mA cm -2 (Fig. 1). 
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Fig. 1. Layer type of growth of copper deposited on Cu(100) from an acid copper 
sulphate bath at 2 mAcm- (x 500). 
Fig. 2. Pitting when copper is deposited on Cu(100) from an acid copper sulphate bath 
in the presence of 10- 6tool 1- 1 of iodide ions at 2 mAcm 2 (× 500}. 
Fig. 3. Pitting when copper is deposited on Cu(] 00) from an acid copper sulphate bath 
in the presence of 10-3mol 1-1 of iodide ions at 5 mAcm 2 (× 500). 
As the concentrat ion of iodide ions in the bath is increased f rom 10-10 to 
10- 7 mol  l- 1 the type of deposit  does not  change much; the distance be- 
tween layers decreases and the striations increase. At a concentrat ion of 
10-6 mol l-1 of  iodide ions the layers complete ly  disappear and pitt ing of 
the surface takes place (Fig. 2). 
At  5 mA cm 2 
The type of growth obta ined at this current  density f rom pure solution 
is the same as at 2 mA cm-2  except  that  the distance between the layers is 
large. On addit ion of 10 -1° - 10 -8 mol 1-1 of iodide ions, there is no change 
in the type of growth except  that  the distance between the layers decreases. 
At a concentrat ion of 10 -7 mol 1-1 of iodide ions dark black spots are 
noticed in the background of  broken layers. As the concentrat ion is in- 
creased to 10 -6 mol  l-1 of  iodide ions only square t runcated pyramids  
with pitt ing around them are observed. At 10 5 mol 1 1, the etching and 
pitt ing increases. At 10-4 mol l-1 a rough non-uni form polycrystal l ine de- 
posit is observed. At 10-3 mol  l - l a  non-uni form polycrystal l ine type of de- 
posit with pitt ing is obta ined (Fig. 3). 
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Fig. 4. Layers and small pyramidal  ~rowth of copper deposited on Cu(100) from an acid 
copper sulphate bath at 10 mA cm-  (x 500). 
Fig. 5. Truncated pyramids with layers when co_pgper is deposited on Cu(100) from an 
acid copper sulphate bath in the presence of 10-  mo l l  -1 of iodide ions at 10 mA cm-2  
(x 500). 
@ 
! 
Fig. 6. Absence of layers, but etching around the pyramids when copper is deposited on 
Cu(100) in the presence of 10 -7  mol l  -1 of iodide ions at 10 mA cm -2 (x 500). 
Fig. 7. Precipitat ion of cuprous iodide when co p~er is deposited on Cu(100) f rom an 
acid copper sulphate bath in the presence of 10 mol 1 of iodide ions at 10 mA cm 2 
(x 500). 
At  10 mA crn -2 
From pure solution, the deposit consists of layers and small pyramids 
{Fig. 4). The distance between the layers is smaller than for deposits obtained 
at 5 mA cm -2. Up to 10 -9 mol 1-1 of iodide ions, there is no change in the 
growth habit except he number of pyramids decreases and they become 
truncated (Fig. 5). At a concentration of 10 -s mol 1-1 of iodide ions in the 
bath, truncated pyramids, surrounded by preferential etching, are noticed 
along with layers. With 10-7 mol 1 1 of iodide ions the layers disappear com- 
pletely and etching takes place around the pyramids {Fig. 6). At 10 6 mol l- 1 
the pyramids lose their regular shape. At 10-5 mol l- ~ precipitation of cuprous 
iodide occurs (Fig. 7). At 10 -4 mol 1-1 the surface becomes very badly cor- 
roded and there is a patchy non-uniform polycrystalline deposit. 
At  15 mAcm -2 
Non-symmetrical truncated pyramids in the background of broken 
layers are noticed when copper is deposited from pure solution (cf. Fig. 4). 
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Fig. 8. Non-symmetrical truncated pyramids in the background of growth layers when 
copper is deposited on Cu(100) from an acid copper sulphate bath at 20 mA cm u2 (× 500). 
Up to a concentrat ion of 10 - s  mol 1-1 of  iodide ions in the bath there is no 
change in the growth habit  except  that  the pyramids become symmetr ical .  
At a concentrat ion of 10- s mol 1-1 of iodide ions, growth layers disappear 
complete ly  and more symmetr ica l  t runcated pyramids are observed, with 
pitting. On increasing the concentrat ion to 10- 7 mol  1 ~ of  iodide ions the 
etching increases and square pits are observed. At a concentrat ion of 10 6 
mol 1-1 etching with twinning of  pyramids occurs. At 10-- ~ mol l-1 pitt ing 
increases and with 10 -4 mol  1-1 the surface becomes very badly corroded.  
At  20 mAcm -z  
Non-symmetr ica l  t runcated pyramids in the background of growth 
layers are not iced when copper  is deposited f rom pure solut ion at this cur- 
rent density, as seen in Fig. 8. At 10-10 mol l  - 1 of iodide ions in the bath, 
the pyramids become truncated and the surface is full of  t runcated square 
pyramids.  On increasing the concentrat ion to 10 -s  mol l 1 etching starts 
on the surface. At a concentrat ion of 10 --7 tool l- 1 of  iodide ions in the 
bath the surface consists of small speck-l ike deposits,  randomly  distr ibuted 
over the surface. On increasing the concentrat ion to 10 -6 mol 1-1 a poly- 
crystall ine type of deposit  with etching appears here and there. At 10 - ~ 
mol 1 - 1 the surface becomes very badly corroded. 
Overpotent ia ls  
At all current  densities in pure solut ion the overpotent ia l  initially 
increases and then attains a steady value on the (100) plane, as observed 
by earlier workers [10] .  The variat ion of overpotent ia l  with t ime at low 
concentrat ion (10 - s  mo l l  -1)  of iodide ions is similar to those obta ined in 
pure solut ion at all current  densities. But when the iodide concentrat ion is
more than 10 -~ mol l  -1 there is f luctuat ion in the overpotent ia l  (Fig. 9). 
However,  the initial and steady state values of overpotent ia l  are always 
higher when iodide is present in the solut ion than f rom pure solution. The 
overpotent ia l  concentrat ion curve at 5 mA cm--2 shows a dip in the over- 
potent ia l  value at 10 -6 mol  1-1 of  iodide ions (Fig. 10}. 
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Fig. 9. Depos i t ion  o f  copper  on  Cu(100)  in the  presence  o f  iod ide ions at 5 mAcm 2. 
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Fig. 10. Overpotent ia l  versus  concent ra t ion  on  a Cu(100)  p lane in the  presence  o f  iod ide 
ions. 
The initial and steady state overpotent ia l - log  i relation is l inear in pure 
solution, with a slope of 120 +_ 5 mV, as reported earlier [6] .  The Tafel re- 
lat ionship holds good in the presence of a low concentrat ion of iodide ions 
(10 s mol  1 -1)  and there is no change in the value (Fig. 11). At higher con- 
centrat ions of iodide ions there are deviations f rom the Tafel relation. 
The available overpotent ia l  measurements  in the presence of  a low con- 
centrat ion of iodide ions indicate that there is no change in the mechanism 
of the reaction. At a higher concentrat ion of iodide ions, cuprous iodide 
precipitates out. Hence it is not  possible to say anything about  the mecha- 
nism of  the react ion as the Tafel relat ionship does not  hold good. However,  
55 
PURE SOLUTION 
• 125 .9mv i o = 2 .6mA/Cm 2 
o (28 .9mv io = I -SmA/Cm I~ 
10-ll M HI  
• 120.1 mv i o = l .5mA/Cm ~ 
o 120-8mv io = l "2mA/Cm 2 
~ioo 
> 
o 
o 
f 
10' 
- -  o 
f f  I 
I0~I 10 t 
Current  Dens i ty  ( rnA/Cm 2) 
Fig. 11. Overpotential versus current density on a Cu(]00) plane in the presence of iodide 
ions. 
the fact that the initial overpotential  t all current densities in the presence 
of iodide ions is higher than from pure solutions shows that the diffusion 
and incorporat ion of  adions may be obstructed without  affecting the rate 
determining step or mechanism. Hence the morphological  change not iced in 
the presence of iodide ions could be due, not  to a change in the reaction 
mechanism, but to the specific adsorpt ion of iodide ions or co/precipitat ion 
of cuprous iodide with a low solubil ity ( i .e. 2.25 × 10 6 mol 1 1) [11] .  
Cuprous iodide may be specifically adsorbed on the surface of the cop- 
per electrode at a lower concentrat ion,  affecting the movement  of the steps, 
so that the distance between layers is diminished as the concentrat ion of 
iodide ions is increased. When the concentrat ion is increased above 10 `-4 or 
10 5 mol l- 1 there is a possibil ity of  precipitat ion of cuprous iodide. At 
higher current densities (10 - 15 mA cm-2)  the adions may acquire suff icient 
energy to displace the cuprous iodide. 
Thus, in the presence of  a low concentrat ion of HI, layer growth is 
noticed owing to preferential  adsorpt ion and, with further increase in the 
concentrat ion,  cuprous iodide precipitates out on the surface and may bring 
about the change in morphology.  The pitting cannot be explained with the 
available data. 
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